Nineteen patients with obliterative arteriosclerotic disease of the legs and suffering from intermittent claudication were studied before and during a 6 months' training program. The Recently, two clinical studies have been published on the measurement of peripheral circulation in patients with intermittent claudication treated by physical exercise.5' 6 These studies yielded conflicting results, which will be commented on in detail in the discussion, and they did not include observations of the blood flow in the ischemic calf muscles during walking. For this reason the present study, using the 133Xe clearance technique during and after a standardized walking test7 was undertaken.
DAILY LEG EXERCISE in the form of brisk walking is now widely recognized as an effective form of conservative treatment of intermittent claudication. In those patients who adhere to the exercise program, walking tolerance is typically increased severalfold. Often symptoms are reduced to a level at which they are not provoked by the patient's ordinary daily activity; that is, the patient becomes asymptomatic. The mechanism of this therapeutic effect of physical exercise on intermittent claudication, is, however, not clear. Earlier reports on the benefits of training contained no observations elucidating the possible mechanism of these improvements in performance. -3 Animal studies have pointed to increased development of collateral vessels. 4 Recently, two clinical studies have been published on the measurement of peripheral circulation in patients with intermittent claudication treated by physical exercise. 5' 6 These studies yielded conflicting results, which will be commented on in detail in the discussion, and they did not include observations of the blood flow in the ischemic calf muscles during walking. For this reason the present study, using the 133Xe clearance technique during and after a standardized walking test7 was undertaken.
Methods
Nineteen patients were studied; they had an average age of 59 years The muscle blood flow (MBF) was calculated in ml/100 g/min as 161 x D where D is the slope of the logarithmically recorded clearance curve, this slope being measured as a fraction of a decade per minute. The same five parameters, described previously,7 were evaluated: (1) maximal blood flow during walking; (2) maximal blood flow after walking; (3) time in minutes to maximal blood flow after walking; (4) total duration of post-walking hyperemia; and (5) hyperemia remaining after 1.0 min of rest.
The definition and evaluation of these parameters is readily seen from figure 1.
Daily Walking Exercise
All 19 patients were instructed to walk 1 hour daily during the 6 months of the trial. The patients were instructed to walk briskly until stopped by pains In the present study a reduction of the duration of the post-exercise hyperemic period was also found in those patients who exhibited the most marked therapeutic effect. In addition, we found in the same patients direct evidence of better circulation in the claudicating muscles, namely, increased blood flow during and after walking. Since our exercise program was not carried out in the laboratory but at the patient's own initiative, the fairly poor clinical result in some cases came as no surprise. That muscle blood flow in these cases tended toward a more insufficient calf muscle perfusion may reflect the spontaneous course of the disease.
With these data at hand we shall attempt to describe the mechanism of the beneficial action.
Psychic Effects
The confidence of the patients increases often quite appreciably. Usually prior to the therapy the patients have been accustomed to avoid walking, to consider slow progression of symptoms unavoidable, and to fear gangrene. But the improved calf muscle circulation during walking, evident from Skinner and Strandness' study and fromi the present observations, render it unlikely that psychic effects play a major role in increasing the walking ability. This factor appears to us to be the main mechanism of the therapeutic effect of exercise in intermittent claudication. Daily training may reduce the amount of muscle mass involved in walking by improving muscle coordination. Training via adaptive processes may also reduce blood flow demands in proximal muscles and thus reduce the proximal steal effect which is of prime importance in the calf muscle's circulatory insufficiency. This would cause a blood flow redistribution in favor of the critical muscle areas by a diversion of flow. 13 Finally, purely local mechanical factors in the calf muscles could be involved, namely, a lowering of the intramuscular pressure especially in the noncontracted state (cf., for example, Nilsson and Ingvar,14 1967), or a more marked increase in the systemic blood pressure during exercise, or both of these factors.
That such functional factors can improve collateral circulation to the calf muscles is also suggested by the second-wind phenomenon often noted in patients with intermittent claudication on walking at a speed and on a slope that just elicits light symptoms. Under such conditions pains may disappear with continued walking. A small rise in systemic blood pressure transmitted to the pathologically low distal blood pressure region would appear to be the simplest explanation for this apparent improvement in calf circulation.
